ications. He denied alcohol consumption and did not smoke. Review of systems was unremarkable, and there were no risk factors for chronic liver disease.
Clinical examination revealed an elderly man in no apparent distress. There was no evidence of pallor or jaundice and no stigmata of chronic liver disease. Vital signs revealed a blood pressure of 130/80 mmHg, a regular pulse rate of 88 beats/min, a respiratory rate of 22 breaths/min and a body core temperature of 37°C. Cardiac examination revealed normal heart sounds with no added sounds and the jugular venous pressure was not elevated. Examination of the chest revealed normal breath sounds with no adventitious sounds. Abdominal examination showed no evidence of hepatosplenomegaly. The remainder of the physical examination results were within normal limits.
Baseline investigation included normal complete blood counts, cardiac enzymes and normal liver profile. The chest x-ray was normal with no evidence of heart failure. The electrocardiogram (ECG) showed ST-T changes compatible with recent ischemia in the anterolateral leads. The patient was diagnosed with acute coronary syndrome, without any evidence of acute myocardial infarction or heart failure, and was admitted to the coronary care unit. Heparin sodium (porcine) was administered by continuous intravenous infusion (bolus dose, 5000 U; maintenance dose, 32,000 U per 24 h) over five days, in addition to oral acetylsalicylic acid and fosinopril.
His hospital course was uncomplicated with no recurrence of the retrosternal chest pain. On the fourth hospital day, a routine blood test revealed a significant elevation of liver enzyme levels: aspartate aminotransferase 635 IU/L (normal 10 to 37 IU/L); alanine aminotransferase 405 IU/L (normal 10 to 40 IU/L); and lactate dehydrogenase 585 U/L (normal 122 to 220 IU/L) (Figure 1 ). Other laboratory investigations found complete blood counts to be normal and the coagulation profile to be in the therapeutic range. Heparin sodium was discontinued on day 5, and on day 8 the liver enzymes returned to near normal levels ( Figure 1 ). An outpatient work-up was performed after discharge. Viral hepatitis serology (A, B and C) and autoimmune markers were negative, and iron studies were normal. Liver enzymes remained normal three and six months later (Figure 1 ). Patient 2: An 80-year-old woman presented to the emergency room with a sudden onset of right-sided chest pain. Her past medical history was unremarkable and she was not taking any medication. She was a nonsmoker and denied alcohol intake. She also denied previous similar episodes. Three hours before her visit, she developed a sudden rightsided chest pain while she was at rest. The pain was severe, worsened with breathing, did not radiate and lasted for about 30 min. The pain was associated with mild shortness of breath. There was no history of hemoptysis, palpitation or syncope. In addition, there was no history of swelling of the legs, prolonged immobilization or recent surgery. Review of systems was unremarkable, and there were no risk factors for chronic liver disease.
On examination, she was an elderly lady in moderate distress, complaining of chest pain. There was no evidence of pallor, jaundice or stigmata of chronic liver disease. Vital signs showed a blood pressure of 130/90 mmHg, a pulse rate of 90 beats/min, a respiratory rate of 35 breaths/min and a body core temperature of 37°C. At no time was she hypotensive. Cardiovascular examination was normal, and jugular venous pressure was not elevated. Chest examination was normal. The remainder of the clinical examination results were within normal limits.
Investigation included normal complete blood counts, cardiac enzymes and liver profile. Imaging studies included a normal chest x-ray. The ECG showed sinus tachycardia without any ST-T changes. Acute pulmonary embolism was suspected on clinical grounds, and heparin sodium (porcine) was initiated by a continuous intravenous infusion (bolus dose 5000 U; maintenance dose 32,000 U per 24 h).
Complete blood counts, coagulation profile and liver enzyme profile were performed after 8 h of heparin treatment. The blood work confirmed significant elevation of liver enzyme levels: aspartate aminotransferase 881 IU/L (normal 10 to 37 IU/L); alanine aminotransferase 762 IU/L (normal 10 to 40 IU/L); and lactate dehydrogenase 958 IU/L (normal 122 to 220 IU/L) (Figure 2 ). Other laboratory investigations including complete blood counts were normal and the partial thromboplastin time was in the therapeutic range. Further investigation included a lung ventilation-perfusion scan that was interpreted as an intermediate probability for pulmonary embolism. A pulmonary angiogram was normal and effectively excluded a pulmonary embolism. Heparin was discontinued. Four hours later, liver enzyme levels returned to their preheparin baseline levels (Figure 2 ). Liver enzyme levels were normal at
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Figure 1) Serum liver enzyme levels for patient 1 before the administration of heparin (day 0) and after four days of heparin treatment. Heparin administration was terminated on day 4, and the serum liver enzyme levels were measured on day 8, and again three and six months later. ALT Alanine aminotransferase; AST Aspartate aminotransferase; LDH Lactate dehydrogenase
follow-up visits to the clinic three and six months later ( Figure 2 ). Viral hepatitis serology (A, B and C) and autoimmune antibodies were negative, and iron studies were normal.
DISCUSSION
Liver enzyme derangement has been reported in patients receiving heparin therapy (3) (4) (5) (6) (7) (8) (9) . This phenomenon results in isolated biochemical liver enzyme changes without overt liver disease. The mechanisms underlying these transaminase elevations are unknown, but it is postulated that heparin induces the release of glyceride lipase, which appears to interfere with mitochondrial cell membrane integrity, causing an increase of transaminases in the circulation (10) . Although early reports (11, 12) proposed that heparin-induced hepatotoxicity may be dose-dependant, a subsequent prospective randomized trial showed that this was not the case (7) . A report from Saffle and associates (3) showed a greater incidence of significant elevation in serum transaminase levels in subjects receiving porcine heparin (93%) than in those receiving bovine heparin (37%). A follow-up randomized, controlled trial by Dukes et al (7) failed to confirm this difference. This phenomenon has also been described in patients receiving low molecular weight heparin (13) . The liver enzyme pattern in the majority of the reported cases is of an isolated transaminasemia, although a cholestatic picture has been reported in three cases (14) .
The two present cases illustrate probable heparin-related transient increases in liver transaminase levels. Neither of these patients exhibited hypersensitivity-type symptoms, thrombocytopenia or other recognized adverse effects of heparin therapy. The first case is more typical of the pattern of liver enzyme elevations described in the literature, where abnormalities are detected after a latent period of three to four days of heparin therapy (Figure 1) . Patient 1 had a 10-to 20-fold increase in the level of aminotransferase, and a two-to threefold increase in the level of lactate dehydrogenase four days after starting heparin treatment. The magnitude of these liver enzyme elevations is higher than the typically reported three-to fivefold rise in aminotransferase levels (1) . The absence of any immunoallergic signs, including fever, rash, arthralgia and mylagia in patient 1 further suggests that the increase in liver enzymes is a direct heparin effect and not the result of serum-like sickness. The absence of congestive heart failure and other risk factors for acute and chronic liver disease, together with the fact that enzyme levels remained normal three and six months later despite continued use of his other medications, suggests that the cause of this transient liver enzyme elevation was heparin.
The second case is an atypical example of heparininduced hepatotoxicity. Liver enzyme elevations occurred after only 8 h of heparin treatment compared with the three to four days reported in the literature (2) (Figure 2 ). This very short time interval between the administration of heparin and the liver enzyme increases had not previously been reported. In addition, at this 8 h time point, the magnitude of the liver enzyme enhancements, 20-to 30-fold in the level of aminotransferases and four-to fivefold in the lactate dehydrogenase level, is much greater than typically reported (1) . Once again, the absence of other hepatotoxic medications, congestive heart failure, risk factors for acute and chronic liver disease, as well as the rapid and persistent decrease of the liver enzymes levels 12 h, and three and six months later, argue in favour of a heparin effect.
CONCLUSIONS
These case reports underscore several important points. The common occurrence of heparin-induced hepatotoxicity should be appreciated to prevent unnecessary and possibly invasive investigations such as liver biopsy. Although the magnitude of the enzyme elevations may be very high, acute or chronic liver dysfunction has not been reported. If continuation of heparin is indicated, despite liver enzyme elevation, it is unlikely to be associated with clinical sequelae. 
